Amebic meningoencephalitis caused by Balamuthia mandrillaris (leptomyxid ameba) in a horse
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Balamuthia mandrillaris (leptomyxid ameba) is a fastidious, free-living opportunistic pathogen that causes granulomatous amebic encephalitis (GAE) in both humans and animals. 1, 2, 5, 6, 8, [10] [11] [12] [13] [14] [15] [16] The ameba has two stages in its life cycle: a feeding trophic stage and a thick-walled cyst stage. 15 Balamuthia mandrillaris can be successfully cryopreserved and cultured on a variety of mammalian cell cultures. 14, 15 The organism can kill mice who receive intranasal and intraperitoneal inoculation with it. 15 The amebas can also enter the respiratory tract when air, aerosols, and dust that contain cysts are inhaled. 15 Encephalitis can result from direct invasion through the ethmoid turbinate nasal mucosa or via hematogenous dissemination from a primary focus in the lower respiratory tract or skin. 9 Chronic debilitating diseases and immunosuppression are considered risks and predisposing factors in human patients. 1, 3, 7, 8 GAE is extremely rare in animals. This article describes the first case of GAE in a horse caused by B. mandrillaris.
A 20-year-old gelding Thoroughbred showed sudden onset of neurological signs characterized by excess salivation and staggering. In the following 2 days, the horse failed to improve clinically and became recumbent. The owner elected euthanasia, and the horse was submitted for necropsy to the California Veterinary Diagnostic Laboratory System, San Bernardino Branch.
A complete necropsy was performed, and portions of the brain were sent to the San Bernardino County Public Health Laboratory for rabies examination. Swabs of liver, lung, and brain were cultured aerobically on blood agar plates at 37 C in 5% CO 2 for 48 hours. Portions of several tissues, including liver, lung, kidney, spleen, heart, intestines, adrenal gland, brain, and spinal cord, tissues, were immersion-fixed in 10% neutral-buffered formalin for histologic examination. Formalin-fixed tissues were embedded in paraffin, sectioned at 6 m, and stained with hematoxylin and eosin (HE). An antemortem serum sample collected 1 day before euthanasia was tested for equine herpesvirus 1, western and eastern encephalitides (WEE/EEE) by serum virus neutralization, and equine infectious anemia by agar gel immunodiffusion (AGID).
Small pieces of brain tissue that had been frozen at Ϫ20 C were triturated with 0.5 ml of ameba saline. 14 They were inoculated into monolayers of monkey kidney (E6) and human lung fibroblast (HLF) cell cultures containing Eagle's minimum essential medium with 10% fetal bovine serum (FBS) and 50 g/ml amphotericin B, then incubated at 37 C. 14 All flasks and plates were examined daily with an inverted microscope for signs of amebic growth. Once a week, supernatants from each flask was poured into sterile tubes, centrifuged for 10 minutes at 200 ϫ g, supernatant was aspirated, and sediment was put back into the same flask with fresh medium containing FBS and antibiotics.
Sections of formalin-fixed, paraffin-embedded brain tissues were submitted to the Centers for Disease Control. Indirect immunofluorescence testing was performed on 4-6-m-thick deparaffinized sections of horse brain tissue as described by Neafie and Marty. 11 The sections were treated with antisera made in rabbits against several Acanthamoeba spp.: Naegleria fowleri, Hartmanella vermiformis, and B. mandrillaris (leptomyxid ameba).
A manual staining system a was used for immunohistochemistry. Paraffin sections of brain 2-3 m thick were enzyme-digested with 0.4% pepsin b in 0.01 N HCl at 37 C for 15 minutes. The primary antibody, rabbit polyclonal B. mandrillaris antisera, c was applied at 1:600 in phosphate-buffered saline and incubated for 1 hour at room temperature. The sections were then exposed to the chromogen aminoethyl carbazole. d The sections were counterstained with Mayer's hematoxylin and mounted with aqueous mounting media. e Negative control slides included the use of control antibody, rabbit immunoglobulin G, f and exclusion of the primary antibody. Positive control slides consisted of tissue that was known to contain the antigen from a naturally occurring infection. c The animal was well nourished. There were no significant gross changes noted at necropsy. Examination for rabies by fluorescent antibody test was negative. During trimming of formalin-fixed brain, irregularly shaped, pale tan foci about 3 mm in size were seen in the midbrain and cervical spinal cord at the level of the fourth cervical vertebra. Microscopically, there were extensive foci of necrosis in the hippocampus, with accompanying scattered and perivascular-oriented inflammatory cell infiltrates consisting of macrophages and multinucleate giant cells with rare eosinophils and plasma cells. Two kinds of amebic forms were found within these foci of inflammation (Fig. 1A) : Trophozoites, the most numerous, were round (about 20 m) with pale eosinophilic cytoplasm and small nuclei with a prominent karyosome. A few trophozoites had more than 1 nucleolus in the nucleus. Cyst forms were also present, which were smaller, round (about 15 m), and surrounded by a thick cyst wall and a large karyosome. The amebic cysts stained weakly with periodic acid-Schiff stain; the trophic forms did not stain. Neither amebic form stained with Gomori's methenamine silver nitrate or Giemsa stains. Similar lesions were found in the spinal cord, but those were less severe and no amebic forms were detected. The light-microscopic morphology was compatible with an ameba.
Aerobic cultures of the liver, brain, lung, and intestinal pool revealed no bacterial pathogens. Serum neutralization tests for equine herpesvirus I, WEE, and EEE showed negative or low detectable titers. The AGID for EIA was also negative.
The antileptomyxid serum reacted positively with the ameba in deparaffinized brain sections at a dilution of 1:100, producing a characteristic bright flourescent apple green (Fig. 1B) . 3 The antileptomyxid serum did not react with the heterologous ameba at this dilution. Rabbit anti-B. mandrillaris serum positively demonstrated a large number of leptomyxid amebic forms of cells throughout the brain section (Fig. 1C) . No amebic growth was noted in any of the flasks or the agar plates inoculated with brain samples. All flasks and plates were discarded after 6 weeks.
Four genera of ameba, Entamoeba, Naegleria, Acanthamoeba, and Balamuthia, have been recognized as human pathogens. 15 Entamoeba histolytica is strictly a parasitic ameba that primarily infects the gastrointestinal tract and rarely the brain. Acanthamoeba, Balamuthia, and Nageleria are primarily free-living protozoans, but they are known to cause central nervous system (CNS) infection. 9, 15 Free-living amebas, especially Acanthamoeba sp., are ubiquitous and have been isolated from diverse habitats, such as soil, freshwater (lakes, pools, ponds, puddles), brackish water, thermally polluted water, heating and cooling systems, vegetables, contact lens paraphernalia, human tissues, and cultures of bacterial, fungal and mammalian cells. Balamuthia mandrillaris, the only known species of Balamuthia, has been isolated only from human and animal tissue, never from the environment. 4, 5, 9, 16 Several species of Acanthamoeba (A. castellani, A. culbertsoni, A. healyi, A. rhysodes, A. polyphaga) and B. mandrillaris cause an insidious and chronic GAE. Only 1 species of Naegleria (N. fowleri) causes an acute, fulminating infection, primary amebic meningoencaphalitis. 9, 16 Infections with Acanthamoeba and B. mandrillaris have been described in animals and humans. 16 Acanthamoeba infections have been reported in sheep, cattle, dogs, and birds. Balamuthia mandrillaris infections have occurred in gorillas, baboons, and sheep. 2, 12, 16 Aside from the onset of the amebic encephalitis, this horse was clinically normal, and no additional pathologic changes were noted at necropsy. The suggested portals of entry for free-living amebas such as B. mandrillaris are the nasal mucosa or ethmoid region, the lower respiratory tract (in pneumonia), or skin wounds. 9 In humans, especially in HIV/ AIDS patients with GAE, skin abscesses or nodules are frequently seen before CNS disease develops. In some cases, multiple skin nodules may occur as a secondary terminal dissemination of amebic trophozoites and cysts from primary foci in the lungs or CNS. 10 No evidence of skin lesions or pneumonia was noted in this horse. Because B. mandrillaris (leptomyxid ameba) has been previously cultured from frozen brain tissue 14 of a baboon, isolation of amebas from the frozen brain of this horse was attempted. Unfortunately, all culture attempts were unsuccessful. Possible explanations for the negative cultures include the relatively small number of cyst forms, which are more resistant to freezing, the innate differences among the isolates, and/or the specific freeze-thaw conditions. The agent was identified as B. mandrillaris based on the characteristic nuclear morphology (presence of multiple nucleoli) and immunohistologic procedures.
Balamuthia mandrillaris organisms are antigenically distinct and will not cross-react with rabbit sera against Acanthamoeba sp. and Naegleriai sp., the two other free-living amebas causing fatal CNS infections.
Though GAE is very rare in domestic animals, this case report indicates that amebic encephalitis should be considered in the differential diagnosis of neurologic disease in animals just as in humans. 
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Intracranial teratoma and dermoid cyst in a kitten
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Teratomas are uncommon tumors containing elements that originate from more than one germ-cell layer, are foreign to the organ in which they arise, and show independent growth. 11 They can have mature (well-differentiated) or immature histologic components. 5 They belong to the family of germ-cell tumors, which also includes germinoma, embryonal carcinoma, endodermal sinus tumor, and choriocarcinoma, each of which represents the malignant transformation of an embryonic tissue stage. 5, 7 Teratomas and germcell tumors in general are mostly found in the gonads but sometimes occur in the neck or along the midline of the brain, generally involving the suprasellar, thalamic, or pineal regions. 3, 5, 9 In veterinary medicine, intracranial germ-cell tumors have been reported mostly in dogs 3, 12, 13, 19 but also in the duck, 4 rat, 16 chicken, 8 horse, 10 and rabbit. 2 The affected animals were generally juveniles or young adults.
Dermoid cysts are ectopic duplications of the normal skin, including epidermis and adnexa. 17 Dermoid cysts are rare in animals, mostly encountered in young dogs and cats as subcutaneous or dermic masses located along the dorsal midline, but they have also been reported in the brain. 1, 6 The origin of dermoid cysts remains controversial. Many authors consider these cysts to be developmental anomalies resulting from a failure of the skin to separate from the neural tube during embryogenesis. 6, 17 Others classify them as a type of teratoma in which a single somatic cell layer predominates, and therefore consider them true tumors. 9, 18 This report de-scribes concurrent intracranial teratoma and dermoid cyst in a kitten.
A 4-month-old female Domestic Shorthair cat was presented to the veterinary teaching hospital of the Faculté de Médecine Vétérinaire de l'Université de Montréal with a history of progressive gait abnormalities, visual impairment, depression, and seizures. Hind-limb incoordination had first been noticed when the cat was 3 months old. Visual impairment was noticed later and appeared more pronounced in the right eye. Ten days before presentation, the cat had 8 generalized tonic-clonic seizures over a 24-hour period. Seizures continued to occur with increasing frequency afterwards.
When the kitten arrived, it had facial deformities consisting of bulging frontal bones, a broad face, a depressed nasal bridge, and prognathism. Fontanelles could not be palpated. Neurologic examination revealed depression, tetraparesis, and proprioceptive ataxia in all limbs, more marked in the hind. Spinal reflexes were normal. Postural reactions, especially hopping, were slightly slower in the hind limbs, particularly on the left side. The menace response was absent in the right eye and severely diminished in the left. Pupil size and light response were normal in both eyes. Based on the cat's altered mental state, central blindness, and seizures, a lesion was suspected in the forebrain, bilateral but more severe on the left side. Because forebrain lesions usually do not produce obvious gait abnormalities, brainstem involvement was also suspected, either as a result of compression by the forebrain lesion or due to a second lesion. The cat's abnormal head shape also suggested hydrocephalus; because of the asymmetrical visual loss, hydrocephalus secondary to an obstruction of the ventricular system was more likely than congenital hydrocephalus.
The cat was euthanized at the owners' request. Analysis
